We use the method of QCD Sum Rules to estimate the masses of the charm baryon, Λ + c , bottom baryon Λ 0 b , strange baryon Λ 0 s and compare them to their experimental values.
Introduction
The method of QCD sum rules were introduced by Shifman, Vainshtein, and Zakharov [1] to estimate properties of hadrons using 2-point correlators. See L.J. Reinders, et.al. [2] for a detailed description of this method for estimating various properties of hadrons. We use this method for estimating the masses of the charm baryon Λ + c , bottom baryon Λ 0 b , and strange baryon Λ 0 s . Since the contribution from the quark condensates [3] and the gluon condensate [4] is negligible for the 2-point correlator needed to estimate the mass of the Λ [5] . After the figures we review previous publications using QCD sum rules to estimate baryon and heavy quark masses.
QCD Sum Rules for the mass of the Λ + c
The two-point correlator in momentum space is used to estimate the mass of the Λ + c , a charmed baryon. The two-point correlator is
where η Λ + c is the current for Λ + c :
with e, f, g color indices and ǫ ef g resulting in η Λ + c having color=0, u, d are up and down quarks and c a charm quark. 
where S c , S u , S d are the charm, up, and down quark propagators.
where M c ≃ 1.27 GeV is the mass of the charm quark. S u , S d have similar expressions with
Carrying out the trace one obtains
Defining
and using 1/(
Integrating Eq(9) by parts one obtains
From Eq (7) we also need
Therefore from Eqs(7,10,11),
From Eqs (6, 12) , dropping the 7/4 term which vanishes with a Borel transform
With k = k 1
Dropping terms that vanish with a Borel transform one can show that
Carrying out the momentum integral with
and carrying out the λ integral, and using κ → ρκ, λ → ρλ, δ(ρ − κ − λ) = δ(1 − κ − λ)/ρ one obtains
Carrying out ∞ 0 dρ and using a
Evaluating I 2 (p) in a similar way one finds
Using
, one finds
Integrating over the four-momentā
and therefore
Therefore from Eqs(13,19)
A Borel transform B of Π 2 (p) gives
Note that
From Eqs(33,34)
It is convenient for Π 2 (M B ) to use
where
From Eqs(36,37), dropping the factor of 8 (4π) 6 as only the shape of Π 2 (M B ) is needed to estimate the mass, as in Ref [6] , obtains the result shown in Figure 2 . More than three decades ago sum rules analogous to those of SVZ [1] were used [7] to estimate the mass difference between the Σ(3/2 + ) and the ∆(3/2 + ). Using the strange quark mass m s =150 MeV, Ioffe estimated that M Σ − M ∆ ≃ 125 MeV, while current experimental results [5] are M Σ − M ∆ ≃ −130 MeV. Since the curent value of m s ≃ 96 MeV [5] , this could be an explanation of Ioffe's result. More recently Ioffe [8] gave evidence that the violation of chiral symmetry in the QCD vacuum is the origin of baryon masses, and estimated M ∆ = 1.30 ± 0.18 GeV while current experimental result [5] is M ∆ ≃ 1.51 GeV.
Also, using QCD spectral sum rules [9] attempts to estimate the masses of the charm baryon Λ 
Results and Conclusions
Using the method of QCD Sum Rules the mass of Λ We conclude from our results that the method of QCD Sum Rules [1, 2] can be used to estimate the masses of charm, bottom, and strange baryons.
